Abstract
Introduction
Group B Streptococcus causes invasive disease primarily in infants, pregnant or postpartum women, and older adults, with the highest incidence among young infants. Maternal infections of GBS constitute one of the leading pathogens associated with both early and late-onset neonatal sepsis. Maternal vaginal GBS colonization is related with early onset of neonatal sepsis and subsequent colonization during birth occurs in approximately 70-75% of infants [1] [2] [3] [4] .
Studies state that maternal intrapartum GBS colonization is the primary risk factor for early-onset disease in infants. A study conducted in the 1980s revealed that pregnant women with GBS colonization were >25 times more likely than pregnant women with negative prenatal cultures to deliver infants with early-onset GBS disease [5] .
Although intrapartum prophylaxis has been established to lead to a 70% decline in the incidence of GBS disease, early-onset GBS disease remains a leading cause of illness and death among newborns less than the age of 7 days [6] . GBS colonization rate is significantly important and the isolates are variably sensitive to different antimicrobials as revealed by different studies from Ethiopia [7, 8] .
There is a paucity of published data concerning maternal GBS colonization and antimicrobial susceptibility patterns in West Ethiopia particularly in the study area (Nekemte). The present study is, therefore, aimed to determine prevalence and drug susceptibility pattern of GBS among pregnant women attending antenatal care (ANC) in Nekemte Town, Western Ethiopia.
Main text

Materials and methods
Study setting and context
A prospective cross-sectional study was conducted between March and May 2016 in Nekemte Referral Hospital (NRH).
Sample size and sampling technique
Sample size was calculated using single population proportion formula considering 95% CI and P = 0.21 from the previous study conducted in Hawassa, Ethiopia [8] as follows;
where the average number of pregnant women attending ANC in NRH per 2 months (N) was 480. Therefore, based on correction formula (n = n 0 /(1 + n 0 /N)) and 20% contingency, a total of 180 pregnant women were enrolled consecutively in the study.
Study population and data collection
Pregnant women with gestational age of ≥35 weeks were included. Site assessment and pre-test were done prior to data collection and questionnaires were used to obtain data on socio-demographic, obstetric and clinical factors. The questionnaires were developed in English and participants were interviewed using local language; Afan Oromo. Nurses who can speak the local language were trained on data collection for this particular study. The data collectors were regularly supervised by the investigators.
Specimen collection and transportation
Vaginal swabs were collected by brushing the lower vagina with a sterile cotton swab by trained nurses following universal precautions [9] . The swabs were immediately inoculated in 1.5 ml Todd Hewitt broth (supplemented with colistin and nalidixic acid) and transported to the Medical Microbiology laboratory of Nekemte Regional Laboratory (NRL).
Culture and identification of GBS
The broth was incubated for 18-24 h at 35-37 °C and subcultured on 5% sheep blood agar (OXOID, UK) and then incubated overnight in 5% CO 2 atmosphere for 18-24 h. All suspected GBS colonies (with narrow betahemolysis) were sub-cultured on nutrient agar and subjected to gram stain and catalase test. All gram-positive
and catalase negative isolates were tested for Bacitracin sensitivity and CAMP test for confirmation.
CAMP test
The CAMP test is used to identify beta-hemolytic streptococci; Streptococcus agalactiae (group B) (CAMP positive) from Streptococcus pyogenes (group A) (CAMP negative). In brief, Staphylococcus aureus is inoculated onto a sheep blood agar plate by making a narrow streak down the center of the plate with a loop. The test organism (group B Streptococcus) is then streaked in a straightline inoculum at right angles to the S. aureus within 2 mm far. The plates are incubated at 35 °C for 24 h. A positive CAMP result is indicated by an "arrowhead"-shaped enhanced zone of beta-hemolysis in the area between the two cultures with the "arrow point" toward the S. aureus streak. No enhanced zone of beta-hemolysis is observed in a CAMP negative reaction [10] .
Antimicrobial susceptibility testing
The inoculums were prepared by suspending 4-5 isolated colonies of the same morphology in 5 ml of sterile physiological saline equal to a 0.5 McFarland's standard used as a reference to adjust the turbidity of bacterial suspensions. Colonies were inoculated on Mueller-Hinton agar (MHA) plates supplemented with 5% defibrinated sheep blood. Then antibiotic disks were placed and incubated at 35-37 °C under 5% CO 2 atmosphere for 20 h. Six antibiotic disks (Oxoid) namely; Penicillin G (P) (10 IU), erythromycin (E) (15 μg), ceftriaxone (CRO) (30 μg), chloramphenicol (C) (30 μg), vancomycin (VA) (30 μg) and Clindamycin (CLI) (10 μg) were used Each isolate was classified as susceptible, intermediate or resistant to each antibiotic tested based on clinical laboratory standards institute (CLSI) guideline [11] .
Data processing and analysis
Data were cleaned, coded and double entered into EpiData 3.1 version software. Then data were exported to SPSS 24 version software for analysis. Binary logistic regression models were used to determine the association between predictors and dependent variables. P values ≤0.05 were taken to a significant level.
Quality control
Standard operating procedures (SOPs) were followed during sample collection, transportation, and processing steps. The proficiency of Todd-Hewitt broth was checked by inoculating the broth with known Gramnegative bacteria (Escherichia coli) and GBS isolates to see if it can really inhibit Gram-negative bacteria and allow growth of Gram-positive bacteria. Before using any reagents and culture media, any physical change was assessed and expiration date checked. The quality of the culture media and antimicrobial disks was checked using standard American Type Culture Collection (ATCC) reference strain of Staphylococcus aureus ATCC 25923, Escherichia coli (ATCC 25922) and S. agalactiae isolates (ATCC 12386).
Results
Socio-demographic characteristics
A total of 180 pregnant women were recruited with a median age of 24.5 years (Range 16-38 years). As shown in Table 1 , most participants were aged below 29 years old (78.3%), urban residents (86.1%), housewives (64.4%), married (95.6%) and literates (90.6%).
Obstetric and clinical characteristics
Regarding obstetric and clinical characteristics of the study participants; 104 (57.8%) were multigravida, 131 (72.8%) were between 35 and 37 weeks of gestational age, 129 (71.7%) had no history of recent antibiotic treatment and 175 (97.2%) had no history of stillbirth (Table 1) .
Maternal GBS colonization and associated risk factors
The total GBS colonization rate from vaginal swab culture was 12.2% (22/180) . From the total GBS isolates majority were from pregnant women aged below 29 years old (15, Table 1) . The prevalence of GBS colonization was significantly higher in those pregnant women above 37 weeks of gestation [AOR, 95% CI 2.1 (1.2, 11.6), P = 0.03] and married pregnant women [AOR, 95% CI 3.2 (1.8, 11.6), P = 0.021]. Therefore, married pregnant women and those above 37 weeks of gestation were 3.2 and 2.1 times more likely to be colonized by GBS than their counterparts, respectively (Table 1) .
Antibiotic susceptibility pattern of GBS isolates
Twenty (91%) of GBS isolates were sensitive to vancomycin. All isolates were multi-drug resistant. The highest resistance was observed against penicillin G, 17 (77.3%). Nine (41%) of the isolates were intermediate against ceftriaxone. Half of the isolates were sensitive to clindamycin and 36.4% of them were intermediate against erythromycin (Table 2 ).
Discussion
The prevalence of GBS colonization during pregnancy is variable [12] and different studies have reported variable susceptibility of GBS against commonly prescribed drugs that indicates the importance of performing drug susceptibility test prior to prescription.
In this study, the total GBS colonization rate from vaginal swab culture was 12.2% (22/180). Although we have assessed the association of socio-demographic, obstetric and clinical variables with GBS colonization, only gestational age, and marital status were significant predictors of maternal GBS colonization (P < 0.05). We found that most (91%) GBS isolates were sensitive to vancomycin and the highest resistance of GBS isolates was observed against penicillin G (77.3%).
This 12.2% prevalence of maternal GBS colonization in this study is comparatively lower than studies from Hawassa (20.9%) [8] , Italy (17.9%) [13] , the Netherlands (21%) [14] , Tanzania (23%) [16] , China (27.7%) [20] and Uganda (28.8%) [22] . But it is higher or comparable with studies from Hong-Kong (10.4%) [15] , Nigeria (11.3, 18%) [17, 18] , Argentina (7.6%) [19] , Saudi (13.4%) [21] , different districts of Ethiopia (Gondar, Mekelle, Adigrat and Addis Ababa) (9, 13.7, 11.3 and 7.2%) [12, 23, 24 and 25] . This result is definitely higher than studies from Mozambique (1.8%) [26] and India (2.3%) [27] .
The possible reasons for the above differences might be due to differences in geography (for data outside Ethiopia), differences in sample size (smaller or higher than others), specimen differences (most studies used anovaginal swab while only vaginal swab was used in the current study which may render our results), differences in gestational age (some studies recruited pregnant women of all gestational ages, others involved gestational ages of 35-37 weeks but pregnant women with gestational ages of ≥35 weeks were recruited the current study), and differences in sampling frame (most studies included both health center and hospital ANC attendants unlike the current study which was based at referral hospital which in turn may decrease GBS colonization rates).
Only gestational age above 37 weeks and being married were significant predictors of GBS colonization in the current study. This is consistent with different studies (8, 16, 18, 22 and 23) where authors reported a few significant risk factors for the higher maternal GBS colonization rates.
Regarding the antimicrobial susceptibility pattern of GBS isolates, most of GBS isolates were sensitive to vancomycin while the highest resistance was observed against penicillin and variable sensitivity to clindamycin and erythromycin. Except for vancomycin sensitivity, resistance of GBS isolates against penicillin G in the present study is in contrary from a study done in Saudi [21] where all isolates were sensitive to penicillin G. This high rate of GBS resistance in the current study might be due to differences in laboratory procedures and differences in community awareness in avoiding using non-prescribed Penicillin. The drug susceptibility pattern of GBS isolates to different antimicrobial discs in this study was partly consistent with different studies from abroad [18, 19, 27, 28] and from Ethiopia [8, [23] [24] [25] . Two or more GBS isolates were intermediately sensitive to penicillin, erythromycin, ceftriaxone, and clindamycin. This is partly consistent with data from Mekelle and Adigrat [23, 24] but different from Hawassa and Addis Ababa [8, 25] . Three (13.6%) GBS isolates were sensitive to penicillin G in this study which is different from another finding in different districts of Ethiopia; Mekelle, Adigrat and Addis Ababa [23] [24] [25] where authors reported a higher sensitivity of GBS to Penicillin. This may be due to the wide and nonprescription use of penicillin because of weak drug control mechanism in different settings of the country.
The differences in antimicrobial susceptibility patterns of GBS isolates against different antimicrobials might be due to the occurrence of differences regarding bacterial strain, laboratory procedures, bacterial load, laboratory facility, drug control policies and awareness of the community towards drug resistance. The findings of this research may help clinicians and policy makers to understand the magnitude of the problem and advance the fight against empirical treatment to prevent drug resistance.
Conclusion
The prevalence of maternal GBS colonization in this study is significantly high. Older gestational age and being married significantly increased the rate of maternal GBS colonization. None of the GBS isolates were resistant to vancomycin and half of the isolates were sensitive to chloramphenicol. Increased resistance was observed against Penicillin G and growing resistance was observed against erythromycin, clindamycin, and ceftriaxone. Screening of pregnant women for GBS colonization, AST before prescription, large-scale epidemiological studies are recommended in Ethiopia which will aid to put into practice antibiotics prophylaxis.
Limitations
This study has main limitations in terms of small sample size, non-probability sampling method, using disc diffusion for AST, exclusion of rectal swab and exclusion of neonates.
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